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TESTS OF LEiiD-3R.ONZE’BEARINGS IN THE DVL

BEARING-TESTING MACHINE*

By G. Fisch”er

SUMMARY’ ‘ ‘; .,

The lead-bronze bearings tested in the DVL bearing-
testingm achine have proven themselves very sensitive to
‘load changes as in comparison wtth. bearings of.light
metal. In ordex? to pretient sutiface injuries and conse-
quently running interruptions, the increase of the load
has to be made ,in small steps with sufficient, run-in time
be,twe’e-nsteps. The absence of lead in the running surface,
impurities in the alloy (espec~ially iron) and surface
irregularities (pores) de,crea”ses the loo,d-carrying capac-
ity of the bearing to two or three times that of the
static load.

At the expiration of the 100-hour endurance run
(p = 250 kg/cm2) only two alloys with favorable lead dis-
tribution and low amount of impurities showed themselves
to be in perfect running condition, Practically all other
bearings were ruined by the formation of deep scorings and
cavities, Heavy scar formations are especially noticeable
on bearings with typical dendritical grain structure. Pre-
mature forming of scars is caused chiefl,y by shrinkage and
quenching which will create internal stresses within the
lead-bronze layer.

The duration of the run-out time after the discon-
tinuance of the lubrication,up to the time of the function-”
ing of the automatic stop of the machine, varies, according
to several tests from sevaral $ec?nds to a few minutes.’
Short run-out .times yere noticed in all first Ildry-rtmsul:
in which temperatures necessary to operate the cutting out
of”:the test .rnachine were reached before a sufficient quan-
tity “of lead was melted. ,,....

*llUntersuchung von Bleibronze-Ausgiissen in der DVL=Lager- “
priifmaschine. II Luftfahrtforschung, vol, 16, no. 7,
July 20, 1939, pp, 370~383Q
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Tests have been made oh 12 lead-bronze alloys, sup-
plied by five manufacturers, with lead content of between
1 and 24 percent on running characteristics with hardened
and tempered shaft ends on the DVL bearing-testing machil~e,

1. INTRODUCTION

Lead-bronze bearing materials have, in spite of seri-
‘ ous faults, held their own as materials for high=perfornance
aircraft main bearings. To overtone lack of distribution,
porosity, and inclusions complicated melting and casting
method,s are needed. The difficulties ~re, uptb today; not
entirely, solved and are subject to broad meta~~urgical study
(reference 1). Furthermore, in the Last few years a multi-
tude of ’light-metal %earing naterials have %een developed
with which no satisfactory performance has been accomplished
in practical ,us.eunder naxinu?n thermal or mechanical condi-
tions. As long as the question of naterials for high-per-
formance bearings is not entirely solved, an eff’ort sh’ould
be made to inprove the manufacturing conditions for lead-
hronze materials.

;. .,
The following studies, which have been conducted on

“:the DVL bearing-testing nachine with special reference to
existing pressure conditions of aircraft-engind nain bear-
ings, give additional information to the question of the
load factor of lead.-bronze bonds and give suggestions for
further development of these bearing materials.

II. T3!STED BEARING MATERIALS ““‘

For the tests, lead-bronze forms of different origin
‘ and with lead content of 20 and 4“0 ‘percent were provided,
Table I contains the list of the tested lead-bronze mate-
rials with d“e’ta”iisof their chemical analysis and their
degree of hardness. The-hardness test was made! on sanples
o-f the prefabricated bearings which had a bond thickness
of between 1 and 1-1/2 mm. Bearings made of alloy 20 V
and 40 V were not available for hardness tesi in the de-
livery stage. Figures 3 to 15 show lead distribution of
the cast parts in ground sections parallel to the bearing
axis.

The influence of the lead content on the hardness of
the naterial cast into the bearing cannot le immediately

.—.
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obtained froti data, of tab,le 1. :.“However,. in’ figure 1$ a
decreas.e+of.,.ha.r.dn.e.s~s...w~t.h_,.#,nc7reas ing 1ead .,content can be
re,oognize”d i’n spite of the greatly seattereli va’lue-?~-’ It
is significant that the upper limits were found to have
a “greater, the lower mostly a smaller c,onte.ntof Sn + Sb
4 Remainder. (See table ;l.) Als-o, the lead-bronze alloys
tested by Uensel. and .Tichv’insky (reference 2) show in fig-
ure 2,a clear “increase of hardness with iixcreas:e 0,$ com-

“ ponen.t ‘elem.en.ts.outside of lead and copper. ;W.hes,efew
impurities, therefore, must: c’ontain,strong. hardeni.ng char-
a.cteristicso .,Nickel, according to Wecker and Nipper (ref-
ereuce 3) influences hardness only in combination with Sn
and Mn- It should also be noticed that the hardness is
affected by the cooling conditions after casting. The
above authors determined a Brinell hardness of 44 kg/mma
for sand castings and 51 kg/mma for form castings with a
lead-bronze alloy of pr”acti.tally the. chemical analysis
(75.5 Cu, 17.5 Pb, 3.5 Sn, 3..5 Sb) Corresponding harden-
ing differences can be noticed in figure 2. Otherwise,
the scattering of the hardness values in figuresl and 2
are due to irregularities in the lead distribution. As
gkven in table “I, the hardness of the castings tested at
150° C is between 3.8 and 8.5 Brinell (corresponding
to 11 to -27 percent) lower than;at room temperature.

Based on the existing test and experience, high”:per-
forning lead-bronze hearings should show a uniform lead
distribution with fine globular grain of the inclusions.
As illustrated in figures 3 to 15 (showing only 40tmm long
etched cuts of the materials), this condition is present
only .in the castings of low lead content as 20 I to 20 IV.
Still, these illustrations do not show the regular or fine-
globular, or. the fine dendritical charact.eri.sties, of the
foreign bronze-lead alloys shown in figures 16 and 17. All
other castings rich in lead show more or less large zones
of inclusions or concentration of lead. Alloys 30 1, II,
and IV, also 40 II and IV show particularly strong inclu-
sions which can be notice~ even with the, naked eye on the
running surface of tb-e bearing. (See figs. 18 and 19.)
A relationship of lead distribution to impurities and the
contents of inclusions., (nickel), respectively, is unimpor-
tant. It seem,s, therefore, that changes in grain are due
!xi’,o’stly’to different ccistings and ,,cooling conditions, Mven

. . with different al~oys from the same source, gfleat varia-
tion of grain structures can be noticed. However, the manu-
facture of, castings. wi,t,,ha .1OW lead content seems to give
‘“’fewerdifficulties- “ “ ; - ‘,

.. . ... ..“. ,.

The bo,n;difigb’et’ween’bea”rtng m’ateriql and steel ehell. .,.’ ,.. ,..$ ..

I —.
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existed without exception over the whole length of the
cut ● Only in alloys of group I a concentration of lead
could be observed occasionally near the binding zone,

Several of the delivered bearing shells showing
porosity and lead concentration weremarked even by the
manufacturer as rejected. It iS, therefore$ to be as-
sumed that all other shells passed the inspection of the
manufacturing plants. To show the influence of imperfect
bearings on bearing condition, #522 - alloy 20 V, #531 -
30 V, #341 and #342 - 40 II, and#541 and #542 - 40 V,
were selected.

The above described lead-bronze bearings were tested
in conjunction with hardened and tempered, case-hartened
and nitri?led shaft ends which have alread~ been described
in reference 4. The hardness limits of different shaft

...ends appear again in the following table.

Identification
of material

VCMO 140

D22S

EFD 67 G

EFKI’454

N54G

Surface condition

Treated (V)

II

Case-hardened (E)

II 11

Nitrided (N)

II

Pickers number
(20 kg load)

323 to 327

363 to 373

675 to 714

687 to 755

7’77 to 791

846

III. TEST CONDITION AND PROCEDURE

The paper mentioned below (reference 4) describes at
‘length the test conditions for the experiments on the DVL
bearing-testing machine, so that this does not need to be
repeated.

In regard to the general trend of bearing development
in the aircraft industry, these tests were conducted not
only under dynamic pressure conditions, but also under
static load with rotating bearing and stationary shaft end,
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Starting with the existing normal and extraordinary
.high”=l”o=d-’f-ac-t-o-rs-,-t-hefoll-owimg.out-l-irne. 0$- tes.t.s...ws.s..
followed:

.
a) Finding of maximum l“inits of lead-%ronze bearings.

b) Testing of running conditi:p,ns during endurance
test.

c) De.termination of the emergency characteristics
after interrupting of the oil flow...”

For the examination of light-,metal bearings (refer-
ence 4) during endurance tests, a mean bearing pressure
of 400- kg/cm2 was selected. This. was ..reduced’to 250,
,kg/cm2 for lead-bronze bearings during endurance tests in
this case. This figure is frequently selected for air-
plane-engine. nain bearings.

The thickness of the bearing surface,.,which was ma-
chined with a diamond tool, was approximately 05 mm, the
dianeter “60 mm, the width of the running surface 25 mm.
With these dimensions and an upper pressure linit of the
test machine of 7,500 kg,.a mean surface pressure of 500
“kg/cn2 could be reached. All other test conditions were
equal to the light metal bearing experiments.

Bearing play: 1 percent (0.06 mm).

,Speed: 5 m/s (n = 18600 rpn).

Temperature : 120° C, measured near running sur-
face.

Lubrication: Preheated oil (90° - 100 Co)
IIstanavo 12011 which was filtered

●

through feltand was injected on
.,,. the low pressure side of the

bearing at ,4 to 5 atii (atm abs).

IV. TIIST RESULTS

a) Bearing Limits under Static and Dynanic Load

To find the load linit after approximately two hours
running time, the bearing pressure was increased 100 kg/cm2

Ill
I
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each time, in, some cases only 50 .kg/cm2. T’he load increase
from step to step should have been nade within 1 to 2 min-
utes to conform with earlier experiments, but to prevent
the autonatic release of the machine during the higher load
factors, a longer tine interval was necessary as a large
increase of energy results through disturbing the running
condition.

The bearings were all given a short examination as to
the condition of the running surface. Only porosity and
lead segregation could be noticed which influenced more or
less the running condition, depending on size and number.
In table 11, the running-surface failures and injuries
before and after the test have Tmeen tabulated and marked
with appraisal figures. The figures 18 to 28 of bearing
surfaces should serve as explanations of these data. As
is shown in table III, the greater part of the tested
bearings were not in satisfactory condition. Surface made
of alloy 30 Is II, IV, and 40 I, II, contained nunerous
small and large lead segregations. Compare figures 18 and
19 and also the corresponding microphotograph figures, 7,
.8, 9, 11, and 12. The bearings 531, 541, and 542 of alloy
30 V and 40 V, which show great porosity, were included
in the test only to show the influence of this defeot.

The lead-bronze bearings appear
earlier light netal tests to be very
ent loads, particularly under static
a fast increase of power and bearing
noticed even at the beginning of the

in contrast with
sensitive to differ-
load. In many cases,
temperature could be
load test. In the

case of disturbances of this–kind, the load-speed had to
be reduced to prevent the autonatic stop of the test ma-
chine fron functioning,which would cause the destruction of
the bearing surfaces. In the case of bearing 1231 of alloy
20 III, the bearing pressure of 200 kg/cnz could be reached
only after 5 minutes. To increase this to 210 kg/cm2 took
an additional 60 minutes, so that a further increase of
pressure was out of the question, From the diagrams, 29
and 30s in which the run-in time is shown in comparison
with bearing pressure on a few examples, it can be seen
that the run-in time depends mostly on the lubricating con-
ditions. These again are dependent on the type of load
and the condition of bearing surface. The run-in time in-
creases very quickly on the rejected bearings (944, 3319
and 322) above 100 or 200 kg/cmz as is shown in dia ram 29.

7This run-in time is finished between 200 and 230 kg cmz and
further increase was impossible due to learing surface con-
ditions which prevented further normal lubrication. However,
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f.n the case of perfect %ee,ring surface (#821 ),” the rub-in
process could be extended to 460 kg/,cma, but even ,then the
rtin-in times over 200 kg/cm took consider.a%le time. Vary
much better conditions bxist under dyaamic load tests (fig.
30). There, only above 300 and, 400 kg/cmz can a strong
increase in run-in time on defectiv? bearings (#331, #332,
#944) be’ noticed. On bearings with perfect surfaces, the
run-in,process w“as not finished at 500 kg/cm. This being.
the highest permissible pressure of the machine, it should,
however, be noted that the sesame bearings had been tested
under a static load of 200 or 460 kg/cmz. However, the
test of bearing 9.$”2showed that similar conditions exist
if the bearing had”noprevious run-in time under static
loafi. The described results clearly indicate that the
process or run-in lead-bronze bearings has to be carefully
watched in service runs. Under generally static load
(e.g. , the main crankshaft bearing in a radial-type engine )
it should be permitted to raise the load only in small
steps giving a long ‘enough run-in tine between load changes.
This is necessary to prevent the injury of the bearing sur-
face through dryrunning.

The tabulated values for ‘load limits in table III
show that under dynamic loads the lubricating conditions
are far more advantageous than’’with a static condition.
In the first case, the load f~ct~r is in all circumstances
two to three times as high as in bearings with static load.

‘ A relationship between load limit and the mean Pb content
of the alloy cannot be established and can hardly be ex-
pected,because ’of the irregularities of the lead distribu-
tion. To draw a correct conclusion of this influence,
only the percentage of lead which is pre,sent.in,the r~nning
surface shouldbe considered. “These observations will be
further discussed in the chapter covering the influence of
irnp’ui’ities. “’ .,

Of great influence on the results of bearing runs are
the ,pores and lead segregations which were noticeable be-
fore the test, in the machined running surface. These two
faults are equally responsible for the decrease of the
load factor, since, in place of the visible lead segrega-
tioris, ‘lidlin~ porestl appear very quickly, which will more
or less create lubricating disturbances. The removal of
the visihl~ lead parts does not occur through chemical in-
fluence, as, after a 30=hour test of a lead-bronze bearing
in 05.1 at” 160° C, no visible signs of lead dissolving could
be noticed. It iS, therefore, assumed that the lead segre-
gations are mechanically” removed through the impurities of
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the oil.. Bea,ause of an eddy effect, the slowly formed
cavities are more and more enlarged until finally even the
base material is attacked on the %orde~ of the pores.
Figures 31 and “32 show craterlike expansions of pores
which have been created in the above manner;’ How strongly
the load’ facu.lties of a bearing are influenced through
lubricating disturbances caused by pores can be seen
especially in the test results of hearing 332 which showed
large pores only on one half of the bearing. (See also
fig. 30.) Arranging these pores into the load zone, the
maximum load was found after long running tine under dynam-
ic load to be 440 kg/cn2. Afte,r turnin~ the be,aring for
180°, a maximum load of 500, kg/en could be reached, very
quickly, so that in this case the actual load linit could
be estimated to be sfibstantially higher. t

Aside fron the limitation’ of quality mentioned, the
load linits Qre independent of the materialg or the hard-
ness of th’e shaft “end. This is proved sufficiently by the
results Qf bearing test’ 93,3, 934, 936; 331, 332; and 944
and 945. The values found under static load coincide well
in comparable cases, in contr”ast” to tests with dynamic
loads wh,ereeven by the use of the same shaft end great
variations .in the load f~’ctor of similar bearings exist.
These irregularities are created by the unequal distribu-
tion of the lubricant. During dynamic tests can be ob-
served, in ‘such cases, a l)adly damaged as well as a less
faulty bearin~ shell near the narrow ne,ximun load limit,
so that the above-mentioned condition for bearing 332 oc-
curs . Under static load,. however, sinilar differences
cannot be expected for Like bearings$ since all irregu-
larities in the bearing surface are sooner or later in
contact with the load zone cf the bearing.

The values of maxirnun load factors obtained from bear-
ing 1221, 821 and 936, 831 disclose that shells wi’th ap-
proximately the same Pb content but received fron differ-
ent sources, differ greatly in running characteristics un-
der the same test condition. It seems natural to blane
these irregularities on different amounts of impurities
whose influence on the mechanical characteristics has al-
ready been disclosed in paragraph II. In.figure 33 the
dependence of the load limit on the content of inclusions
(Sn + Sb + Remainder) in the bonding material is graphi-
cally illustrated. The two lines which only connect simi-
lar test results show clearly a decrease in naxinun load
pressure with increasing inclusions. It can therefore be
con:$dered that since the hardness of the bearing matetiial
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.,, .

. . .d.e.pe.n..ds.o.n,the a~ount of impurities there can l)e no rela-
tionship between hardness an?i %ax’immr-.-kcmdi$ac-t-or..... I-t
can be as sumed,” however, that t’he forming of ‘lBeil%y lay-

.. erstl (reference 5) and therewith the adhesion” of the lu-
bricant will be reduced through the presence of certain im-
purities. Figure 33”does not:include values of bearings
842 and 847 nade from alloy40 IV, as.they are far below
the load limits illustrated. It should be mentioned that
these” alloys contain 0.28 percent Fe,which is a very high
iron content “in,,couparisonwith all other lead-bronze
bearing mixtures”. “Sincein this case the amount of iron
i<s almost equal”t”o the whole amount of inclusions,. it
should be concluded” that iron has a specially strong in-
fluence for reducing ,the load factor of lead-bronze bear-
ings.

Figure 33 also discloses that the load factor of
hearings of the satie origin is lowered correspondingly to
the valuation figures which had been assuned according to
the condition of the bearing surface before the test.

In consideration of these factors, it can be noticed
after closer examination that a dependence of load limit
on lead content, or the lead anount in the bearing surface,
exists. The upper line in figura 33 takes into account
the, test results O/IV, O/V, 0/1, and 0/111 bearings with
perfect surface (valuation figure, O). The bearing shells
in question show a grain with rather uniform lead distri-
bution (see figs. 3, 4, 5, and 10) so that the mean lead
contents given in table I correspond approximately to the
lead content of the running surface. It can be concluded
from figure 33 that the maxinun determined load capacity
O/V will be above the upper line of the diagram for bear-
ing shells having a rich lead mixture and below O/IV for
a small lead content. However, the values 0/1 and 0/111
situated on the line have bearing shells of almost equal
Pb content (21.7 and 22.6 percent Pb). It can therefore
be assumed that the maxinkn loadability increases with an
increasing lead content. Bearings from alloy 20Vand 40 V
show a very low amount of lead in the microphotograph 6
and 15 and had also a relatively low load limit. One more
proof of the assumption of the influence of lead content
is given by means of a test with a b&aring entire,ly-free
of “lead (film of electrolytic copper of”l/2 mm). This
bearing stood up under a static load of only 180 kg/cma.
All other test results which had been conducted on shells
with nuqe;rous visible lead inclusions cannot be used in the
diagnosis ,of the influerice of lead contents, since. the load
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inclusions- in the bearing surface vary too much during the
test run on “account of.forming of porosit.”y which has al-
ready been described above. Finally, it should not be
overlooked that, because of the nunerou’s factors of influ-
ence, scattered test values have to be expected through
snail variations in test conditions (temperatures bearing
tolerances, etc.) but nainly through variations in lead
content bs well as in the amounts and composition of the
impurities can the comparison be affected essentially, It
is also to be considered that the condition of the running
surface cannot be definitely determined since during the
run additional changes occur (scars, .sc:ratches, etc.) which
will influence the maxinun loadahility. But it can be
definitely c~ncluded fron the existing .test figures that
within the linits of the above tests the load-carrying
capacity of lead-bronze alloys will be more or less uni-
formly reduced through .1OW lead content, running surface
defects, and anount of impurities.

Occasionally during the experiments with bearing932
a strange influence of the rin pressure was noticeable on
the loadability. During.one -sided pressure distrilnztion~
which is stretched to approximately one-half of the width
of the bearing surface (see fig. 20), a mean bearing pres-
sure of 70 kg/cm2 was. reached, which is just about one-
“half the amount of the similar bearings (933, 934, and 536).

The majority of the given bearings in table 111 show
after the test run numerous scratches in the running sur-

~~ face. These scars are generally alr>ady noticeable after
tho first run under static load. In some cases, this de-
struction starts only after some higher dynamic loads are
applied.

Under actual working conditions, only the high-loaded
bearings 821, 522, and 942 appear to have perfect ,running
su”rfaces after the test. On ,the other hand, cracks appear
‘on the high-capacity-bearing surface of (3earing 533) al-
ready above a surface pressure of 300 kg/cm~. It should be
observed also that bearings 944 and 945, made of the same
alloy 40 I, have greatly different surface conditions in
spite of an equally high load. The destruction through
heavy scar formation. in the last-mentioned bearing is due
to the effect of dry friction, to which the hearing sur-
face was exposed because the unloading did not occur in-
stantaneously enough, and the bearing ”was subjected for a
short time to an increase of load Canaltemperature, Prob-
ably this effect is intensified by the lead deficiency in
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,,. . -the--bea,r.i-ng.s-ur.face.produced by the removal of the P%...----
inclusions. This’ example illustrates again “the-h-igh
load sensitivity of lead-bronze, which necessitates a
careful supervision of the run-in time. In most instances “
slight inju’ries of the shaft could be observed; only the
Journal used with bearing 945 shows signs tifwear in a
few places.

The determined bearing clearance varies from a few
thousandths to a few tenthsof a millimeter. The greatest
wear shown on the bearing 945, which had a clearance of
0.24 mm. It is generally assumed that the differences in
wear are mainly affected by differences in load duration
near the upper limits of capacity.

The short time permissible bearing pressure under
which only bearing surface damage equal to the valuation
figure 2 occur, was deteri?lined in only a few cases. Most
of the tested bearing castings already contained mor”e or
less coarse defects (valuation figures, 4 to 8) before
the ‘test, so that their use as high-performing bear,ings
was impossible. Only the bearings of alloy 201V (#821),
alloy 20 V (#522), as well as alloy 30 V (#5.33),approved
as in perfect condition, could show a’permissible running
surface after an endurance test above the permitted load
pressure of 250 kg/cma. The perfect bearings 927 and 1221
made of alloy 20 I and 20 111. were only partly.usable on
account of cracks and broken-out parts which had developed
under relatively small static load. Alloy 40 I was in
perfect condition (cast bearing 942 was the only one of
10 of the s“ame alloy which was in perfect condition) dur-
ing dynami:c load and proved itself equal to the max~mum
“duty of alloy 20 IV. The bearing shells of.this alloy
which contained a multitude of lead enclosures (bearing
944 and 945) show; however, running conditions similar to
the corresponding bearings of other compositions and make:

b) State during Endurance Tests

A running time of 100 hours, at a bearing pressure
of .250 kg/c&was selected for. the endurance tests. This
tesi pressure which corresponds to the permissible rating
in different aircraft-engine main. bearings was. set as a
ninimuy.” Only bearings “of all:oy 20 I, 20 .IV, 20 t?, 30 IV,
30 V, and 40 V could be ,used for.end~ance test under. static
load as the results of the load f’actor tests showed that
bearings of al’loy 20. V’and 40 V were no longer ayailable~
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From all bearings teste~ under static load$ only 823 and
535 of alloy ’20 IV and 30 V proved to be in perfect run-
ning condition during the whole test. Bearings of alloy
20 I and 30 IV broke down after 80 ahd 24 hours, respec-
tively, forming large cracks and rough surfaces. This
condition was to be expected when it is considered how
close the applied pressure (250 kg/cm2) came to the maxi-
mum load capacity (300 kg/cme).

The perfect running condition of bearings of alloy
20 IV and 30 V is confirme@ by similar good conditton
under dynamic load. Even alloy 40 I (bearing 946) stood
the dynamic test without surface injury, if i~ is over-
looked that lead enclosures and pores which should have
excluded the %earing from the test were present from the
beginning. The other alloys due to the formation of
cracks and roughness of the running surface dicl not stand
up under the requirements. A tendency to form cracks and
roughness was noticed mainly on alloy 20 I and 30 IV
(bearings 922, 832, and 833) and in a less prorm,unced
form also on alloy 20 IV (bearing 823). Roughness of a
bearing can be interpreted as the condition of closely
situated or overlapping cracks.

This could be observed” mostly on hearings when the
journal dianeter was smaller in the center portion. Dur-
ing the test run, apparently most of the oil impurities
gathered there and the running” surface was attacked most
severely in this section. It is remarkable that only
the above-mentioned alloys as illustrated in figures 3,
5, and 9 show a typical dendritical structure which has
been generally regarded unfavorably for practical use.
The assumption that dendritical structure increases th-e
tendency for Cu parts to break out in comparison with
globular Pb distribution seemed borne out by the results
gathered.

The reason for the prenature crack-forming of lead-
bronze %earings cannot be definitely determined through
these tests. It is, however, unusual to note that soma
baarings with visalle lead enclosures and pores show” no
cracks after running (sea bearings 946 and 342), whereas
others, having pe~fect running surfaces in the beginning,
have been practically destroyed (saa” bearings. 924 and
1232) . It seems, therefore, that the fornation of cracks
does not occur solely through the influence of segrega-
tions and the resulting porosity. There also is no con-
vincing reason to assume that tha destruction of the

-. I
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., .. . ..m,ater.ial is start?d, through .lack of, %in,d$ng of the mate-
rial. However., it.was o~”sertied t’hat’.gaa~-’b-e-aringsw~ich
showed a tendency to crack formation, had ,numerous fine
cracks after being storod for approximately 2 m,onths, al-
though nothing could be noted eve~ under a. microsc,q-e.af-
ter the final manufacturirig operations. (See figs. 34.
and 35.) There were also. fine cracks visi,ble after the
finishing operations in cases where the bearings were
heated up to “160° C. (See figs. 36 and 37. ) The. micro-
graphs 38 an? 39 show .lead deposits within the crevic8s
of the.stored bearings which indicates that the damage oc-
curred during the cooling process of.the bearing. It
could be assumed therefore that fine cracks were present
from the very beginning, but were noticeable only after
the surface becomes smooth during. the test run and the
cracks enlarged through the influence of internal ten-
sion. In actual runs, the cracks will open up because of
the increase in temperatures. as the lead enclosures expand
more than the copper base, The resulting pressure is so
great that the lead is squeezed from. the larger pores and
cracks. (See fig. 37.) The tensions within the cast part

.,~~of the bearing are due t,o the greater shrinkage of the
:lead-bronze in comparison with the steel shell and are due
also to the quenching of’ the bearing,which iS done to pre-
vent the forming of lead. enclosures. The greatest internal
tensions, that is, the greatest deformation after releas-
ing the tension through cutting the bearing lengthwise in
half was noticed on bearings indicating a tendency to form-
‘in.g of cracks. The reduction in diameter in these cases
was fron 0.8 to 1.0 mm; in other cases only from 0.2 to
0.4. Finally, it should be considered that the elasticity
of the lead-bronze has an influence on the formation of
c~acks, which is due to internal tension. This is influ-
enced mostly by the casting conditions, the composition,
and the form of crystallization. The experiments made by
Hensel and Tichvinsky (reference 2) on lead-bronze materi-
als of the same analysis (75.5 Cu, 17.5 Pb, 3.5 Sn, and
3.5 P~) show that when the pouring temperature was in-

... creased from 1,0500 to 1,1500 C for die castings the elon-
gation limit is increased from 5 to 14.3 percent; for sand
casti~gs this increase is from 11.7 to 17 percent, respec-
tively. Other tests with lead-bro,nze alloys containing
11.06 to” 28.06 “Pb showed..an increase of” the l“imit”ofelon-
gation. from 1.8 to 8 percent. A relationship of these
values on the lead content can apparently not be estab-
lished because of the influence of the crystallization
characteristics. Although temperature and analysis have
been kept unchanged; scattered values for the limit of

1 — —
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elongation from 2*5 to 7.3 percent wore found. It can be
concluded f’rorcthe above discussion that scar-forming is
introduced mainly by excessive high internal tension com-
bined with insufficient elasticity of the materia%. !l?he
.cracks are p.resen’t in some cases in the unused bearing.
In, others, they are developed during slight overload peri-
ods in actual service; conpare figure 40. Since it was
not possible to observe any deviation of normal running
condition during the 100-hour endurance test because of
the fornation of cracks, their possible presence causes a
breaking-up of the bearing material. This constitutes a
Kreat.danger which definitely must be prevented in air-
craft engines. In this connection, it should be pointed
out that the cracks illustrated in figure.34 could not be
detected by X-ray examination. Consequently* it is rea-
sonable to assume that sinilar faulty conditions could
not be detected in the final inspection. Special consid-
eration should.be given to the destruction of bearings
through peeling of the ruilning surface (fig, 41, alloy
40 IV, bearing 846). At the first impression this seems
to indicate a faulty %inding between bearing material and
shall. By the careful removal of the peeled-off layers,
it was discovered that this had taken place only within
the load zone of the bearing and then approximately 0.1
mm from the bonding point between bearing and shell, Ap-
parently the thin netlike structure (fig. 14) is crushed
through the constant pressure change durin& the endurance
run, This crushing is also accentuated by the brittle-
ness of the matieral due to its exoessive iron content.
In regard to the position of the fracture, it should be
%orue in mind that if a perfect bondirig. f.orm exists, the
base of the alloy resists .defornation and the top layer is
hardened throug~ pressure on the running surface. The
fracture therefore will occur in the layer where the sum
of both actions will be at a minimum,

The bearing wear is less under dynanic than under
static loading as shown in table IV. In general$ however,
it is not possible to make a comparison of wearing quali-
ties of different bearings because of the great variations
of running time and bearing loads. It should be mentionod,
however, that bearings 535 and 536 of alloy 30 V seemed
little worn in spite of their .1ow.hardness figure,which is
caused by elevated pressure and.temperature (14.3 kg/mma
and 1.50° C).

All journals, the heat-treated as well as the hard-
ened ones, were still in working order after the tests and
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-no .app.r~~iaab.lewear ,co”qldbe de%ected’. Oniy journal 10 V
when, “used in bearing 922’ shciti-e’da ‘few grooves on its heat-
treated ,surface. The actual measured waar was only 0.002
mn.

,,
.c) Condition “after Stopping the Oil Supply to the Bearing
,. ,. .

Tests’ simulating emergency running conditions were
conducted, ‘on %earings’ already tested but still in good
condition, under the same load conditions as t.@ose which
existed during the endurance .tests. The flow of lubri-
cant ‘was interrupted by meansof a stopcock as soon as
normal running conditions were reached. In most cases,
eight dry-running tests were made one after the others
and in every case a record was made of the increase of
temperature and the time needed to release the cut-out of
the testing-machine. In earlier publications, it was
pointed out that the driving notors of the, test machine
permit a load “increase of only 50 percent. Therefore,
with light nets.1 alloys the test could not be conducted to
the complete destruction of the bearing.

The running time observed. was in most cases extremely
short and was reached in most cases in only a few seconds
after lubrication was stopped entirely. Referring to table
v, the ,s.ametook place with the lead-bronze alloys where
the ,Iirun-outtttine of a few seconds is standard perform-
ance. This condition is caused by the cutting out of the
testing machine, which does not permit the temperature to
rise. to the ‘point where the melting point of..le.adis
reached during the first dry test. During the, next tests$
more lead was deposited on the running surface, so that
finally a sufficient amount is present to act as emergency
lubricant at relatively low output. Since lead escapes
continuously on the sides of the bearings~ the temperature
rises again to the point where enough lead is present in
the running surface of the bearing. During a dry-running
test, a step-like rise of the temperatures can be observed
when a temporary increase in driving energy releases the
cut-out of the test nachine. Under favorable conditions,
a complete dry-run time of 10 minutes has been accomplished.
In most cases, the running .conditio.ns.of these bearings
are little influenced by the heavy surface inj’uries sus-
tained during a dry run, and it is possible after a short
time to reach almost the original, normal conditions.

In contrast to the behavior of lead-bronze bearings
during a dry run, an injury to the surface can take place
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under normal lubricating conditions without preventing the
failure of the bearing through emergency lubrication at
the right moment. (See bearings 831 and 922, in tables III
and IV$ respectively,) In these cases~ the cooling influ-
ence of the oil will retard the increase of temperature
enough to destroy the bearing completely in some cases
through dry friction. From figure 42, it can be seen that
even with lubrication of the bearing a localized lead
separation may occur through a suddenly appearing surface
injury. Still, this interruption caused the testing ma-
chine to release the cut-out, since because of the prema-
ture hardening of the lead a wedging effect resulted with-
in the bearing.

Under static load, shorter dry-run times were noted
in a~nost all cases in comparison with dynamic tests$ as
the lubricating conditions are less favorable. The gain
in temperature increases with the length of the dry run
;fron 5 to 80° C during running times of three seconds to
13 minutes. After a dry run, runhing surfaces show heavy
scars, scoring, and fractures, and only a few bearings
show little change over the original condition if one dis-

. ~egards the layers of lead. The journals were injured
through scoring in only a few cases. It should be mentioned
also that the bearing shells made of electrolytic copper
stood up under dynamic load eight dry runs without any no-
ticeable changes of the journal or the running surfaoes.
The run-out duration is$ however, shorter under the same
test conditions than with lead-%ronze alloys. The running
characteristics of electrolytic copper under nornal lubric-
ation (se’e results of load factor determined in table III)
as well as during dry runs cannot be regarded as unsatis-
factory in comparison with the test results of lead-bronze
bearings. !“.

V. CONCLUSION Oil’TEST RESULTS

I?rom the tests desoribed in paragraph IV, it can be
concluded that nest of the lead-bronze bearings regarded
as perfect by the manufacturer are not suitable for the
use in high load bearings. ...

,.

It was found that the loadabilit’y of the %earing is
considerably reduced through:

a) Numerous lead inclostir.es which. can be noticed in
the finished bearing surface with the naked eye.
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b) Insufficient’” lead content in the running surface.
....:,.,-,..., ,“,, <... ,.,, .-

C) Impurities within the alloy.

Failur&s of the bearings duringendurance runs through
scores and ‘fractures are d-tieto:

.
. d) Large dendritical grainform of the bearing alloY,

o) Limited elasticity,.

f) Internal tension” within the lead-bronze surface
due to shrinkage or, ,quench.ing,

The difficulties enountore~ in,the manufacture of
lead-bronze castings wi”th steel shells are due to the fol-
lqwing contradictory causes.

1) High pouring temperature and slow cooling to ob-
tain a good %onding between alloy and shell.
(Inadequate diffusion during high temperature. )

2) Low pouring temperatures and fast quenching, to re-
sult in favorable lead distribution. (Preven-
tion of lead segregations and coagulation,)

The current methods of manufacture of lead-bronze bearings
is conducted in general after the following principle:

,’
Contact of the hot alloy with the steel shell is

maintained as long as possible. This is followed
.. by quenching. The bearing shells manufactured in

this nanner show almos,t always excellent, bonding
between the surfaces. However, the qualities for
a high’ performance bearing are not satisfactorily
achieved,

Great difficulties are encountered when an effort is
made to oreate a uniform, fin% globular lead distribution
with high lead content which would give the best running
resultsQ The importance of the grain structure due to un-
favorable lead distribution on the ,rupni-ng characteristics
has been illustrated already. (See” uri@er a,’b; d’, and e,)
Although much work has been done to find a substance which
will influence the grain structure of lead-copper alloys$
no real progress has been made. Special attention should
therefore be given to the suggestion of using a high-fre-
quency furnace (centerless induotion furnaoe) to melt the

II
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.,

charge. .!l!hefine distribution of the material can be at-
tributed to the eddies within the molten mass which pro3-
ably reduces the separation process during the cooling
period. In order to prevent oxidation during the high
frequency melting period, careful covering and quick pour-
ing of the charge is desirable.

Little has been observed of the $nfluence of the in-
ner tension due to shrinkage and quenching on the running
qualities of the bearing. It is important that the life
as well as the endurance of the materials is greatly re-
duced by these stresses. Despite good bonding and even
lead distribution, a premature destruction of the bearing
nay occur through fractures which encoura~e the separation
of copper particles. It is quite probable that the sudden
failure of otherwise.perfect bearings is caused by. sinjlar
conditions. Next to good h,omding, and equal lead distribu-
tion, the prevention of high internal stresses is the most
important demand which should be desired in a high-perform-
@nce lead-bronze bearing.

I?urthermord, there is the danger of impurities within
the alloy, such as iron from the steel shell or impurities
from the use of salvaged. naterials, which for economic
re,asons nust be used over again. The above tests have
shown that presence of snail quantities of impurities, par-
ticularly iron, appreciably reduce the capacity of the lead-
bron,se bearing.

It seems logical to assuno that the limitations nen-
tioned above could be avoided or reduced if” a steel shell
could be fastened to a separately produced lead-bronze
body (reference 6), In this case, a rzailufacturing proced-
ure could, be developed which would result in a pure lead-
bronze bearing of the nest favorable structure. On the
other hand, internal stresses in the lead-bronze stxhzcture
can be produced by the attachment of the bearing shell,
which would increase the endurance stability of the bearing.
In certain cases, the increased adhesion could be produced
by introducing a hinder which has a favorable diffusive
quality. This type of binder night hake it possible to
fasten together the separately made bearing parts by means
of a suitable heat treatment..,.

,,.
,,

Translation by ~nited Aircraft Corporation,
East Hartford, Corm.
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TABLE I
Composition and hardness of tested lead-bronze bearings.

20

Zz%iiz%
45,0 36,5 ‘3
31,7 26,0 4
40,4 33,1 L5

—.
A1’loy- ~an.ufgr Delivery C.Om.pOs~~iOnip~’

date Pb’ Cu Sn+Sb

‘ Sept.1936 21,70
11~

77,80 0,05
Leg.20*) Iv Aug. 1937 22,58 76,70 :;: 0,55

Jan: 1938 16,79
v

‘8$,16
Mai 1937 23,37 76,62 0;0 ❑

I Sept.1936 25,60 73,50 0,08 0,13
Leg.30 Juni 1937 32,34

IV
67,34 Sp. Sp.

Jan. 1938 29,70
v

69,22
Febr.1938

0,80 —
27,79 71,97 Sp. —

I Sept.1936 36,20 64,20 0,06
Juni 1937 36,62 63,13 ;;:

Leg.40 ;; Okt. 1938 42,17 67,64 Sp. %:

!emainder

0,45
0,17
0,06
0,01

0,69
0,32
0,28
0,24

0,54
0,25

(O~?je)

Ti’
36,0 32,2 11
23,6 19,7 12u,13
23,2 18,9 14

— — 16I v I Mai 1937 I 38.32 I 60,66 I 0,96 —

*)Leg.20:i5bis25°/, Pb; Leg. 30:25 bls 35°/, Pb; Leg. 40:35 bis 450/, Pb.

TABLE 111
through determining the load factor.Results

..
Beoring Beoring
alloy #

hort time
ermissible
earing
ressure

Wcm’

o
—
1(JO
—
400
.500
350

.—

—
—
—
—
—
—
—
—
—

3;0
—

Bearing Bearing
voluotion Jou~l +o\e,o”cc

# before in
test ‘/0.

B:e:~g iJournal
wear

rnn>. 10–3
mm]. 10–:

earing
static
load

kc{cnlz

O \3N 1,17
7rs, 2r 3N —

o lE 1,03
4a,2r lE —

o lE 0,92
2r lE -

21
10 11’) o

0 1
13 14 1
12 7 0
23 25 0

0
11: 12? o

~z
1; 1:15

305
—
210
—
460

3;5

~(J2)
126
135

115
—
230
—
200

3G
135
470
.

2i
—
200
135

1;0
—
180
135
250

201V Ii%20111
20111

821
400 ~7ri,4a ‘ 2r
— i2r I 2r 1:

>500 ,2r ! Zr 720Iv
20v

30I
301
301
30I
30I
30I
3011
3011
3011
3011
301V
30v
30v
30v

821
522

932
933
934
934
936
936
331
331
332
332
831
531
533
533

942
944
944
945
341
341
842
847
847
641
642
—
10
10

lp _ 116_ElI,02
.-

lr

7rs,6p
7rs,6p
7rs,6p,2n
7rs,6p.3n
7rs, 6p
7rs,6p
7p,lr
7rs,7p
7p
7p,7rs
6p,7r
8p,lr
7rs,2r
7rs,2r
—
2r,2a
6rs,6p,4a
6rs,6p,4a
7r,6fr
8p,7rs
8 p,.7 I’S

7r
7rs,4p
7rs,4p
7p,4r
5r;4p,a

:rl 40

lr 20
2r I 9
Ir 17
Ir ~
lr ; :
2r,7
2r17

—

—
—

G3—
220

Go

40/;.60(
—
—
—

>500

6bl
6bl
6bl
7rs, 6p,
6bl
7rs,6p
7bl
7p,lr
7bl/03)
7p/oq
6bl

I15V

I‘::
2n 9iN

1 9N
9N

0,95
0,97
1,48
—
1,02
.
0,97

0;5
—
1,02
1,13
1,13
—

0,95
1,07

1;5
1,07
—
0,87
1,07

1;7
1,12

1

0

:
1
1
1

:
0
1

22

2
8
26

M
21

2E
2E
14v
14v
16E
2E
2E
2E

14v
4N
4N
17E
SE
8E
10v
3N
3N
lE
SE

2P’6
Zr I 14
3r 9/,11

2:
13
6

2r
2r
2r
2/’

—
111
10
0

119
21

8p
o

7rs,2r

40I
40I
40I
40I
4011
4011
40Iv
40Iv
40Iv
40v
40v

——. _—
Electrolytic

copper

0
6bl
5rs, 6 p, 4a
6 bl
8 bl
8p,7rs
6p
4p
7rs,4p
7p
4p

>660

Z5
—

G
—

>600
—
—
—

lr
2r
2r
5jr
Ir

;;
2r
2r
3r
3r

33
10
12
2
6
b
2
11
5

i:

38
31

2%
61
32
87
20
7

550
—
—
—
—
—
—
.
—
—103

164
103
166

6
0

o’–

0
2r

4N
4N

l,i6
—

180
—

1
0

o! 100
0:200

2r
I
lr

7rs,2r lr I 1:
—
480

1) Under which the journal and bearing surfaces attain the
condition corresponding,at most,to the coefficient 2
(see table 2).

2) Bearing ran with strong pressure on edges.
3’ Numerous average lead inclusions only in one half of bearing.
4\ Numerous average pores only in one half of bearing.
5) Measured in two perpendicular planes.



TABLE II. Valuationof the Bearing and Journal Conditions

.— ———.————
Conditionof bearing and journal* surfaces

Lead

I

Pgres
inclusions

I

Fractures CracksValu-
ation
number

Sc9rings Scars Scoured
sections

Remarks

(bl) I (p) I (r) (n) I (a)
I

(rs)
I

(fr)

0 Surfaceperfectly smooth

Perfect1 Few small

Yew metliuc

Few large

Many snal]
or mediun

Few small

Few mediun

Few’large

Many small
or mediw

Traces

I?ewmediur

Several
medium

Numerous
medium

—

.
—

.

—

Traces

Medium

Few large

Numerous
large

—

Few small

—

Few small

.

—2

3

Acceptable
L

Conditionally
acceptable

Numerous
small

Some
medium

Numerous
small

Same
medium

—.

—

Few short

Several
short

Long

.—

Necessaryremoval
of surface
imperfectiori

4

5

6

7

8

Several
large

Numerous
small

Numerous
medium

NmAerous
large

——

Several
large

Nw~erous
smal1

l?~lerous

medium

Numerous
large

Few large

Several
large

Numerous
large

.—

———

Numerous

medium

Few large

Several
large

Numerous

large

——

Numerous
m,edium

Few large

Several
large

Numerous
large
(destroyed
entirely)———

Destroyed or.
unacceptable”

Removal or
exchange I

.—

*onlY scorin~5 and stowed sections could be observedOn the journals.
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,, TABLE IV

Results of endurance test.
inning +ime

Bearing
alloy

wring Bearing
Ierance Static

7+
measure Running

D;::~ic
Valun+ion #

After test
time

kg/cmS Bearing I.lo.rnal ‘Ur’”gendurance

6r, 2n 5r 80/17
2G 6rs,2r 2r 100
260 7rs,2r 2r 100
250 2r 2r 96
— 2r4) 2r 98

Bearing
earing voluatjon

* # before
test

)eoring
wear

mm. io~

99 130

2%
12 10
37 38

‘aurnal
wear

nm. iO-

>ring
It isfcIctOr y
earing
>ndit ion

mrnal
# load

“7- kwcmz

0,98 250/1902)
1,07 —
1,10 —
1,02 –
1,02 260

14V
4N
15V
14v
8E

2
0
0
0
0

56

2:
>96
>98

20I
201
20111
20Iv
20Iv

924 0
1222 0
822 0
823] O

1

1,18 —
0.93 -–

1 I I

937
333
832

0 bl
7 bl
6 bl
6 bl
2p
o

10v
2.E
8E
2E
14v
14v

250/2302) 7rs,6p lr 11/2
250/2102)Ip, lrs 2r 15/43

1;03 250 ‘6p, 5r4) o
1,10250/=02) — 6p,lr’) lr 2;::2
1,05 250 2p,2r 2r
1,00 —: 2; 2n,2r 2r , 106

8: 1:
61 36
98 98
38 40
23 12

0
0
0
0
0
0

—

o30 I
3011
30Iv
30Iv
30v
30v

833 ~
535 !
636 ,

940 ; 6 b;
342 8 bl

10V I 1,17 — I 250 6p,2r 12r [98
llV I ;,f: — 250/2102)8p, lr 2r 1 28/23

,9 N,—’ 250 8a,7rs,lr 2r i 68

0
0
0 IO(>98)’)

O(28)3)
o

40 I
4011
40 Iv 846 6p

1) Journal and bearing surfaces.after the indicated running
time,snow injurieswcorrespon~ing to the maximum
coefficient 2.

2) The test pressure of 250 kg/cm2 could no longer be attained
after the indicated running time.

3) Figures in parentheses indicate running time not taking
into account the positions of failure before the test.

4) The bearing surface is also roughened at some points.

TABLE V

Results after dry running test.

Valuation #
Before test

wing,e~5”re Pressure
condition

cg,’cma

—

lunning time IIncreose of
temperature

Af+ersfopping lubric:~on
I

I
+

earing~ ournol

No.

of

ests
Bearing

alloy
aluatio” #after tesi

Bearing

5rs,2r
7rs,2r
7rs,4a
7rs,2r
2r
2r

n4rn01

2r
lr
2r
2r
2r
2 r

3r
2r
2r
2r

2r

ourna J~edring

7rs,5r,4n
7rs,2r
7rs,6r, 4a
7rs,4n,2r
5r, 5fr
Irs,lr

20 I
20 I
20111
20111
20 Iv
20 Iv

924 4N
927 3N

1221 IE
1222 15v
&21 lE
823 8E

250
250
260

:%
250

dynamic
static
dynamic
dynamic
dynamic
static

dynamic
static

,,
dynamic

dynamic
dynamic

dynamic

dynamic

dynamic ,

37” to 11’13” 35°to 80°
3“ )) 1’8” 50,, 400
4“ ,)10’34”

“5:: : ‘~:~,,~6::: >%60 ,, 270

81)
81)

8 ‘)
81)
8’)
52)

2r
2r
2r
2r

x52” I)2’48”~ 39°$ 64’

250
250
250
250

yjfioi H g
8“ ,) 21,. 70 ,) z~o

6“ ,) 13’42” 7° >>>77°

81)

8’)
81,
81,

3011
30 v
30 v
30 v

332
533
535
536

14v
2E
14v
14v

7p, 7rs
7rs,2r
2p, 2r
2n, 2r

7p, 7rs
7rs,2r
5r, 2p
2n, 2r

3r
2r
5r
2r

40 I
40 I

40 II

40 Iv

4N
10v

8E

3N

250
2r 250

!’52” I) 12’31” I 18° } 730,/w ,>800
s,, ,, 6,%,, ; “Apparatus

f’29° 1) >12’ I 2:T%O”

81)

13)

81)

32)

8 ‘)

7rs,6p,4a
8n

8p, 7rs

7rs,4p

7rs,2r4)

944
946

341
847

5rs,6p,4G
6p, 2r

8p, 7rs

7rs,4p

6r
2r

4r

2r

2r 250

2r \ 250

lr 250

1

34” ,) 5’23” j 260 (I 420,Electrolytic
copper

10 4N 7rs,2r 2r

l! Further investigation discontinued.
2] Tests dis~ontj,nuedon ~~~ount of dist~bances in testing machine.
3) Further
4) Besides

tests not possible
this,no measurable

on account
wear.

of seizing of bea=ing.

—-
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NiA.C.A. Technical Memorandum No. 943 .Yigs.1,2,29,30,33

Pb-lead content

Figure l.- Hardness of tested lead-
bronze alloys as a func-

tion of the lead content. Numbers
indicate impurities in percent.

400, 1 ,

5e~rin9pre ssureunder sf~/>c/03d

Figure 29-. Run-in times for dif.
ferent load steps under

static load.

WI I 1 t ,

—-.,

Figure 2.- Hardness of lead-bronze
alloys as a function of

impurities(as found by Hensel and
Tichvinsky).

Figure 30.- Run-in times for dif-
ferent load steps under

~namic load.

500,

Wo &fO.. /.s+{7%74%/. 2) I
o $7 4/? 43 @ 45 @ ~7 48 % 49

Com/en#ao?{So+Sb+remoinde~

Figure 33.. Load limit as function of
contents of impurities.

—.



N.A.C.A. Technical Memorandum No. 943 Figs.3,4,5,6

Figure 3.-Lead-bronze alloy 20 I
(21.7% Pb); etched with

weak acid. Magnification 50X.

Figure 5.- Lead-bronze alloy 20 IV
(16.8~Pb); etched with

weak acid. Magnification 50X.

.. ... . ,,.

:. .7 -.;’.”. . . .

. .
Figure 4.- Lead-bronze alloy 20 III

(22.6% Pb); etched with
weak acid. Magnification 50X.

.,.—. . . ..”.

Figure 6.. Lead-bronze alloy 20 V
23.4% Pb); etched with

weak acid. Magnification.50X.
State after test run.



N.A.C.A. Technical Memorandum No.943 Figs.7,8,9,10,11,12,13,14,16.
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Figure 10. Alloy 30 V
(27.8% Pb) Msg. 50X.

Figure 8. Alloy 30 II
(32.3% Pb) Msg. 50X.

Figure 11. Alloy 40 I
(35.2% Pb) Msg. 50x.

(25.7% Pb) Mag~ 50X.

! .. .!) ., , , ,.:.,,:,,,’. +). .,, ... .. . . .
—.. — —. . . .

Figure 13. Msg. 50X.
Alloy 40 II (38.3% Pb),

for both figs.12,13.

.!

!.

!
1! Fiaure 15. Allov 40 V

(35.3$ Pb) Mag.-50X.
b . ..- State after t~st run.

Figure 14. Alloy 40 IV
(42.2% I?b)Msg. 50X.

Figures 7 to 15.- Lead-bronze alloys etched with weak acid.



N.A.C.A.technical Memorandum No. 943 Figs.16,17,18”,19,20

.

Figure 17.. Fine-dendritic structure of a foreign-
made lead-bronze alloy with high lead

content. Magnification 100X.

Figure 16.- Uniform and fine-globular lead distri-
bution of a foreign-made lead bronze

alloy.(70.70 cu., 28.98 Pb. ;’.12_Ni. : .18 Fe:)
221ig:/mmz. Mae. 50X4

Figure 18.- Alloy 30 IV.
Showing mul-

titude of small lead in-
clusions after finishing
operation.1.magnification
2x.

Figure 19.- Alloy 40 II.
Showing nu-

mercus large lead inclu-
sions after finishing
operation.biagnification
2x.

Figure 20.- Alloy 30 I
(test bear-

ing 932). Condition
after test under static
load up to 70kg/cm2 side
pressure,showirig numero’us
small pores(instead of
lead inclusion before ttie
test). Notice on leaded
side(near top of figure)
small fracture and crack.
Magnification 2X.
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PiEuJ.21,&.23.24,25.26,27,28

Fig.21.- Alloy 40 II (test
bearing 342) .State after 51
hr run under dynamic load
withp=230(210) Kg/cm2,
showing medium and large
pores (instead of lead in-
clusions before test). Also
showing beginning of scor-

Fig.22.- Alloy 30 V (test
bearing 531).-State after
test run under static load
up to p=135 Kg/cm2,showing
numerous large pores (al-
ready present before test)
and light scoring. Msg. 2X.

Fig.23.- Alloy 40 1 (test
bearing 942).State of bear- ~
ing after test run under
dynam~c loadup to P=550
Kg/cm ,showing light and
some heavier scoring.
Magnification 2X.

bearing 922).-State after
9? hr of testing under
static load of P=250(190)
kg/cm2. Test run showing
a few light and six heavy
scorings,also a few scars.
(lines across center are
caused by measuring tool).
Maenificatlon 2X.

be;ring 946).-State after
dry run under dynamic load
with P=250 kg/cm2,showing
complete destruction of
bearing.Lower part shows
partial lead coating of
surface.Magnification 2X.

Fig.26.- Alloy 20 III(test
bearing 1231). State of the
unloaded zone after dry run
under dynamic load with p.
250 kg/om2,showing numerous
fractures and scars,also a
few light and heavy scor-
ings. Magnification 2X.

- .——_.-
.!

_Fig.27.- Alloy 30 IV(test bearing ;
131). State after tes

----
~ under static~.... . ... ..

~load with P=300 kg/cm ,showingCom-
>lete destruction of bearing sur-
?ace by heavy scoring and scouring.,1
kgnification 2X.

Fig.28.- Alloy 30 I (test bearing
937). State after 13 hours test
under dynamic load with p=250(230)
&/GI#,ShOWi~ numerous net-like
c%cks,also numerous poree and
light scorings.)$agnification2X.

—



l?.A.C.A. Technical Memorandum Iio.943 Pigm.31,32,34,35,36,3?

Figure 31. Figure 32
Figures 31,32.- Alloy 30 I (te8t bearing 933). Shows crater-like

enlargement of pores in the running surface in the
end zone of lead segregations. (The micro-photographs show cuts
parallel to the direction of rotation so that the cavities do not
illu~t-ratescorings in the surface.) In illustration32, the cut-
ting surface is made close to the entrance of the segregation into
the running surface. Magnification 200X.

Pigures 34,35.- Crack forming of a finished bearing surface af~er two months
storage. Magmfzcation 2X.

Figure 36.- Alloy 20 I. Figure 37.-Alloy 30 1.
Figures 36,37.- Crack forming of a finished bearing surface after heating

to 160° C . Magnification 7.5X.
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Figure 38.

Figures 38,39.. Cracks within the alloys
illustrated in figure~ 34

and 35 made of alloys 20 I and 30 I.
Magnification 50X.

Figs.38,39,40,41,42

,,

+.

Figure 40.- Crack within
the tested

bearing material made of
alloy 30 I (bearing 933).
Magnification 200X.

,..

Figure 42.- Local lead collection
Figure 41.- Cracked surface of ‘ in the running surface

bearing 846, made created by,a foreign body during
of alloy 40 IV (42$ Pb,28~ Fe). an endurance run. (The foreign
State after 68 hours of dynamic part is visible next to the damaged
test at p.250Kg/cm2. part of the surface.)
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